Three cDNA clones coding for the 3' region of the intracisternal A-particle (IAP), a mouse endogenous retrovirus, were isolated during screening of a library for genes whose expression was modulated during the retinoic acid-induced differentiation of the embryonal carcinoma cell line F9 into parietal endoderm-like (PE-like) cells. In contrast to previously reported results, no IAP transcripts were detected in either F9 cells or two pluripotent cell lines tested. Instead, IAP transcripts as well as IAPs were abundant in the PE-like cells PYS-2 and F9AcCl 9 and in retinoic acid-induced F9 cells but not in the other differentiated cell types of teratocarcinoma origin which were examined. A comparison of the nucleotide sequences of the three IAP cDNA clones with a genomically integrated proviral sequence (MIA14) demonstrated heterogeneity in both length and sequence among the clones. The position of the poly(A) addition site was determined to be 15 nucleotides from the proposed poly(A) addition signal and to occur after the sequence CAGA, not CA, as previously proposed.
Length heterogeneity was greatest in a region of TC repeats 80 base pairs 5' to the poly(A) addition site. Additionally, the putative TATAA box found in MIA14 was deleted in the cDNA clones and in the long terminal repeat regions from two other genomic clones examined. The heterogeneity evident among the cDNA clones further demonstrated that at least two distinct IAP genes are activated during differentiation. An analysis of the rate of transcription in isolated nuclei indicated that the activation of expression of IAP genes in PE-like cells is the result of transcriptional regulation. Together, these observations suggest that the modulation of IAP transcription is regulated autonomously rather than by the fortuitous integration of an IAP sequence adjacent to a developmentally regulated cellular gene.
Analyses of gene regulation during early mammalian embryogenesis have been greatly aided by the availability of the murine embryonal carcinoma (EC) cell system, an in vitro model of early embryogenesis, and by the ability to clone genes that are differentially expressed during development. EC cells, derived from teratocarcinoma stem cells (19) , share many antigenic and biochemical properties with ectoderm cells of the inner cell mass, including the ability to differentiate initially to endoderm cells (13, 16, 35) . The F9 EC cell line, which is nullipotent and has a low frequency of spontaneous differentiation (5) , has proven to be a particularly useful model, since these cells differentiate upon treatment with retinoic acid (RA) or RA plus dibutyryl cyclic AMP (dbcAMP) into cells that resemble the parietal endoderm (PE) of embryos. For instance, these PE-like cells synthesize and secrete the extracellular matrix components laminin, type IV collagen, entactin, and heparin sulfate proteoglycan (39, 40) .
To date, only a few molecular clones have been generated from either differentiated embryonic or teratocarcinomaderived cells. These include cDNA clones for type IV collagen and for laminin, each of which was derived either from RA-treated F9 cells (44) or from the PE of day-13.5 embryos (24) . In the former case, expression of the corresponding genes are shown to be transcriptionally regulated in differentiating RA-induced F9 cells (44) . A third cDNA clone which represents a-fetoprotein was derived from yolk sac RNA (25) . Several EC-specific clones have also been isolated: a clone for a heat-shock-related protein (26) , a clone for a protein which is present only in EC cells and testes (36) . a clone representing the RNA of an integrated * Corresponding author. retroviruslike element (7) , and a number of cDNA clones for novel proteins which have not yet been identified (26) .
To obtain further examples of molecular clones which are predominantly expressed in the differentiated derivatives of EC cells, we exploited the antigenic and biochemical similarities between the PE of embryos and the PE-like PYS-2 cells derived from a teratocarcinoma (12, 18) to construct cDNA libraries from PYS-2 RNA (17) . From these libraries we isolated and characterized three cDNA clones, pIAP.1, pIAP.2, and pIAP.3, that represent part of the mouse intracisternal A-particle (IAP) genome, an endogenous retroviral sequence repeated approximately 1,000-fold per haploid genome (29 Electron microscopy. Cells were fixed, treated, stained with lead citrate, and examined in a Hitachi HU11-E electron microscope as described previously (15) .
In vitro nuclear transcription. Isolation of nuclei, in vitro transcription in the isolated nuclei, and hybridization of the transcribed RNA to pIAP.1 cDNA immobilized on nitrocellulose were carried out as described previously (17) . RESULTS Isolation and characterization of IAP cDNA clones. A cDNA library was constructed from the poly(A)+ RNA of PE-like PYS-2 cells and screened by differential colony hybridization with labeled poly(A)+ RNAs from F9 and PYS-2 cells. One cDNA clone, pIAP.1, which contains a 930-bp insert, hybridized specifically to PYS-2 RNA but not to F9 mRNA. As discussed below, the relationship of this cDNA to an IAP genomic sequence was determined by DNA sequence analysis. Northern analysis with the pIAP.1 cDNA as the probe demonstrated hybridization of the cDNA with three major RNA species of 7.2, 5.3, and 2.1 kilobases (kb) in PYS-2 cells (Fig. 1, lane 11) , whereas the RNAs were not detectable in F9 cells (Fig. 1, lane 1) . The 5.3-kb RNA was the most abundant species, whereas the 2.1-kb species was the least abundant of the major classes.
The nucleotide sequence of the pIAP.1 insert (see Fig. 3 ) was determined by the dideoxynucleotide chain termination method (34) applied to subfragments cloned into M13 vectors (see Fig. 2 for sequencing strategy). Identification of a poly(dA) tract was used to determine the sequence polarity. A search of the GenBank Data Base revealed extensive homology between the pIAP.1 sequence and the 3' end of an integrated IAP sequence, MIA14 ( Fig. 3; 21 TCTGGGTAAAACCTGTAACtCCTAGAGCTMCTGTACATGCTCTTACCTACACACTGGGTGACCTCTATCTCACTCTCATCMTTAT,rTGCCTATTGICTCTTATTAAAAGA Restriction fragments of pIAP.1 were inserted into mpl8 or mpl9, and the nucleotide sequence was determined by the dideoxynucleotide chain termination method. Shown below the sequence of pIAP.1 cDNA is that of the 3' LTR of MIA14 (21) . Matches are designated by colons. The polypurine stretch is marked with a double solid line, the short (4-bp) inverted repeats at the ends of the LTR are marked with solid lines, the poly(A) addition signal is marked with plus signs, the conserved enhancer sequence is marked with asterisks, the beginning of the IAP 3' LTR is marked with an arrow, and the TATAA box is marked with carets.
in and 5' to the long terminal repeat (LTR) of MIA14: (i) a 17-bp polypurine stretch immediately upstream from the 3' LTR; (ii) a short sequence, TGTT, at the beginning of the LTR, that forms an inverted repeat located 3' to the poly(A) addition site in the proviral sequence; and (iii) a putative enhancer sequence, GTGGTAAAC, found conserved in a number of DNA and RNA viruses (45) . In addition, the exact site of poly(A)+ addition was found to be 15 bp 3' to the putative poly(A) addition signal, AATAAA, and to occur after the sequence CAGA rather than the proposed acceptor sequence CA (4). However, numerous substitutions, insertions, and deletions occurred in pIAP.1 relative to MIA14. Since there may be as many as 1,000 IAP genes in the mouse genome, we screened for more IAP cDNAs from our cDNA library to determine whether there is heterogeneity in the nucleotide sequence and whether the absence of the TATAA box is prevalent in the IAP genes. One of the two additional IAP cDNA clones, pIAP.2, indeed showed marked differences from pIAP.1 in its nucleotide sequence, whereas the third clone, pIAP.3, was essentially identical to pIAP.1 (Fig. 4) . These results demonstrated that at least two distinct IAP genes are transcriptionally active in PE-like cells. In addition, pIAP.2 and pIAP.3 also lacked the putative TATAA box found in MIA14, as do the 3' LTR of X 13 and the 5' LTR of A 11-two IAP genomic clones isolated by Piko et al. (33) . It Fig. 1 ). This accumulation paralleled the appearance of morphologically differentiated cells and the disappearance of the EC cell surface marker SSEA-1 (Fig. 5) (Fig. 1, lane 12) was about equivalent to that in F9AcCl 9 cells and higher than that in RA-treated F9 cells (Fig. 1) (8) , but whether the transcripts present in differentiating F9 cells treated with VOL. 6, 1986 153 RA can direct the construction of the particles has not been established. Consistent with the levels of transcripts, we observed abundant and actively budding IAPs in the endoplasmic reticulum of these cells by electron microscopy (Fig. 6) . The PE-like cell lines PYS-2 and F9AcCI 9, as expected, also had abundant IAPs. All these cell lines, which secrete large amounts of extracellular matrix proteins (13, 18) , have an extended, elaborate rough endoplasmic reticulum network. As expected, no IAPs were detected in F9 cells, which have only a minimal network of endoplasmic reticulum (Fig. 6 ).
Transcriptional regulation of the accumulation of IAP transcripts. In vitro nuclear transcription was performed to measure the rate of IAP transcription in F9 and PYS-2 cells. This assay measures predominantly the elongation of in vivo-initiated RNA chains and thus estimates the relative number of RNA polymerases on a particular gene at the time the nuclei are harvested. Figure 7 shows that the IAP gene was transcriptionally more active in PYS-2 cells than in F9 cells, whereas u-tubulin, used as an internal control, was transcribed in equivalent amounts in the two cell types.
Expression of the oa-tubulin gene was previously shown to be regulated at a posttranscriptional level (17) . These results indicated that the increase in IAP transcripts in PE-like cells as compared with the level in undifferentiated stem cells is transcriptionally regulated, consistent with the findings of Piko et al. (33) , who examined IAP RNA accumulation in pulse-labeled embryonic cells.
DISCUSSION
Identification of the cDNA clone pIAP.1 by nucleotide sequencing demonstrated that the cloned gene corresponds to the genome of the endogenous murine retrovirus, IAP, which is expressed in preimplantation embryos (33) and many mouse tumors (23) . We showed that transcription of the IAP genes is activated during the differentiation of F9 cells induced with RA or RA plus dbcAMP. The appearance of the IAP transcripts coincided with the onset of differentiation, based on the observation of morphological changes and the disappearance of an EC-cell-specific marker, SSEA-1. In addition, the IAP transcripts were also abundantly expressed in F9AcCl 9 and PYS-2 cells, PE-like cells of EC and teratocarcinoma origins, respectively. The transcripts were not expressed in F9 cells or in two pluripotent cell lines, one derived from the 0TT6050 teratocarcinoma and the other derived from blastocyst manipulation. IAP RNA expression was also absent in the differentiated cell types examined, including the EC-derived visceral endoderm-like (PSA5E) cells and the teratocarcinoma-derived fibroblastlike (OTT6050EB) cells. Only in transformed cell line LM tkwere high IAP RNA levels found. In contrast, many other transformed cells, e.g., colon tumor (2), myeloma (22, 31, 47) , and neuroblastoma (22), frequently have elevated IAP RNA levels.
These results suggest that the IAP genes are not expressed in EC cells but are preferentially, although not exclusively, induced during EC cell differentiation to PE-like but not visceral endoderm-like cells. Since IAPs are clearly retroviral entities, these results are consistent with the long-standing observation that EC cells are refractory to infection by a number of DNA and RNA viruses, including several retroviruses (10, 11, 32, 38, 41, 42) . Moreover, F9 cells have been shown, by a number of criteria, to resemble the embryonic ectoderm (9, 16) and, as has been shown previously, the ectoderm at this stage is virtually devoid of IAPs (6) . However, in contrast to our results, Hojman-Montes de Oca et al. (14) found that the EC cell lines PCC6 (nullipotent) and PCC3 (pluripotent) synthesized large amounts of IAP RNA. Interestingly, when the PCC3 cell line was induced to differentiate with RA, the overall level of IAP RNA was reduced, with the 7.2-kb species being virtually eliminated. On the other hand, they also observed that the pluripotent EC cell line PCC4 which, like F9, is derived from the OTT6050 teratocarcinoma, synthesized a relatively low, although detectable, level of IAP RNA. The other teratocarcinoma-derived cell lines which they examined, PCD1, a myocardial cell line, and PCD3, a fibroblastic cell line, had low IAP RNA levels comparable to that in PCC4.
The discrepancies in these results could arise in several ways. First, the expression of IAP during embryogenesis varies from strain to strain of inbred mouse (48) . Thus, variations in IAP RNA expression in EC cells could be due to the strain specificity of the cells. However, except for cell lines PCC6 and CEM-7 cl 1, which are derived, respectively, from an A/Heston background and an outbred background, the other teratocarcinoma-derived cells examined in both studies came from the 0TT6050 teratocarcinoma, which is derived from a 129 mouse (37 Our cloned IAP cDNAs represent the 3' ends of at least two actively transcribing genes. These sequences possess the structures typical of retrovirus LTRs in general and IAP LTRs in particular: a U3 region and a short repeated sequence (R) adjacent to the U3 region. Despite the extensive nucleotide sequence homology between our cloned U3 region and that reported for the LTR of the integrated proviral DNA (21), the U3 regions of the three IAP cDNA clones, as well as the 5' LTR and 3' LTR of two independently cloned genomic IAPs, lack the putative TATAA box reported for the IAP clone MIA14 (21) . Similarly, an IAP cDNA clone derived from a colon tumor and an IAP LTR inserted in an activated oncogene also lack a TATAA box in the U3 region (2, 20) . Thus, the absence of the putative TATAA box in the IAP genome, even in transcriptionally active IAP genes, appears to be the norm rather than the exception.
